
BIOLOGICAL BIOLOGICAL 
MONITORINGMONITORING



Benthic MacroinvertebratesBenthic Macroinvertebrates

�� BenthicBenthic ==
�� Stream bottomStream bottom

�� MacroMacro ==
�� Can see without Can see without 
microscopemicroscope

�� InvertebrateInvertebrate ==
�� Organism without a Organism without a 
backbonebackbone



Vital in Stream EcosystemsVital in Stream Ecosystems



ADVANTAGESADVANTAGES

�� NonNon--MobileMobile

�� Species with Different TolerancesSpecies with Different Tolerances

�� Continuous MonitoringContinuous Monitoring

�� Easy to CollectEasy to Collect

�� Inexpensive EquipmentInexpensive Equipment

�� Easy to IdentifyEasy to Identify

�� No Chemicals NeededNo Chemicals Needed



KKinging

……SSalmon!almon!

CCameame

OOverver

GGreatreat……

Nymph

Larva

PPhilliphillip

FForor



CATEGORIES OF CATEGORIES OF 
POLLUTION TOLERANCEPOLLUTION TOLERANCE

�� Pollution SensitivePollution Sensitive

�� Somewhat Pollution TolerantSomewhat Pollution Tolerant

�� Pollution TolerantPollution Tolerant



HeadHead

ThoraxThorax

AbdomenAbdomen

GillsGills
YES!YES!

TailsTails

WingpadsWingpads

LegsLegs



Mayfly Nymph Mayfly Nymph 

Gills on theGills on the
AbdomenAbdomen

MDC photo



Mayfly NymphMayfly Nymph

Gills on theGills on the
AbdomenAbdomen Photo courtesy of North American 

Benthological Society (NABS)



Head

Thorax

Abdomen
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May see gills
on Thorax

‘Hairy Armpits’

Two Tails



Stonefly NymphStonefly Nymph

May see Gills on the ThoraxMay see Gills on the Thorax

Not on the abdomenNot on the abdomen

MDC photo



Stonefly NymphStonefly Nymph

Gills on the ThoraxGills on the Thorax

Not on the abdomenNot on the abdomen

To Scale!!

MDC photo



Stonefly NymphStonefly Nymph
MDC photo



Head Thorax

Abdomen

Prolegs

Crunchy

“Mmmm,
Cream
Filled!”

Case

6 Legs



CaddisflyCaddisfly LarvaLarva

““CreamCream
Filled!Filled!””

Crunchy!

6 Legs

Prolegs

MDC photo



Sand CaseCase

CaddisflyCaddisfly LarvaLarva

MDC photo



CaddisflyCaddisfly LarvaLarva

Leaf CaseLeaf Case

MDC photo



CaddisflyCaddisfly LarvaLarva

Jewel Case?

Caddisfly jewelry created by 
French artist Hubert Duprat



BlueBlue
BugBug
CardCard
(front)(front)



BlueBlue
BugBug
CardCard
(back)(back)



SegmentedSegmented
Legs?Legs?

WingpadsWingpads??Hair likeHair like
tails?tails?

ProlegsProlegs?     Filaments??     Filaments?

Crunchy all the way throughCrunchy all the way through

Riffle Beetle LarvaeRiffle Beetle Larvae

6 Legs?6 Legs?
Gills?Gills?

Oar likeOar like
tails?tails?

FatFat
Abdomen?Abdomen?

LargeLarge
Eyes?Eyes?

MDC photo



Riffle Beetle AdultRiffle Beetle Adult
MDC photo



Water PennyWater Penny

MDC photo



Water PennyWater Penny
HeadHead

LegsLegs

GillsGills

MDC photo



Water PennyWater Penny

MDC photo



Gilled SnailGilled Snail

MDC photo



Gilled SnailGilled Snail

Opening to the rightOpening to the right

MDC photo



HellgrammiteHellgrammite
(Dobsonfly Larva)(Dobsonfly Larva)

Large mandiblesLarge mandibles Gill tuftsGill tufts

Lateral filamentsLateral filaments

MDC photo



““Somewhat TolerantSomewhat Tolerant”” CategoryCategory
CrayfishCrayfish

MDC photo



SowbugSowbug MDC photo



SowbugSowbug MDC photo



ScudScud

MDC photo



““PickledPickled”” ScudScud
MDC photo



Alderfly LarvaAlderfly Larva

No gillsNo gills

MandiblesMandibles

Single tailSingle tail
w/ w/ ““AA””
shapedshaped
basebase

MDC photo



FishflyFishfly LarvaLarva

No gills underNo gills under
Lateral FilamentsLateral Filaments

BreathingBreathing
tubestubes

MDC photo



FishflyFishfly LarvaLarva

MDC photo



Damselfly NymphDamselfly Nymph

Oar ShapedOar Shaped
Tails (Gills)Tails (Gills)

MDC photo



Damselfly NymphDamselfly Nymph

MDC photo



WatersnipeWatersnipe Fly LarvaFly Larva

Body segmentsBody segments
‘‘FeatheryFeathery
hornshorns’’ Photo courtesy of NABS



Crane Fly LarvaCrane Fly Larva

FingerFinger--likelike
projectionsprojections

Super squishy!Super squishy!

Photo courtesy of NABS



““Other Beetle LarvaOther Beetle Larva””

Many different types!!!
Process of elimination

Photo courtesy of NABS



Dragonfly NymphDragonfly Nymph

SegmentedSegmented
legslegs

Lower lipLower lip

Large eyesLarge eyes

WideWide
abdomenabdomen

MDC photo



DragonflyDragonfly
NymphNymph

MDC photo



Dragonfly NymphDragonfly Nymph

MDC photo



Freshwater MusselsFreshwater Mussels

Put back this
end down!!

MDC photo



Aquatic WormAquatic Worm
(Aquatic Earthworm)(Aquatic Earthworm)

“Tolerant” Category

MDC photo



Aquatic WormAquatic Worm
(Horsehair Worm)(Horsehair Worm)

MDC photo



Midge Fly LarvaMidge Fly Larva
(Bloodworm)(Bloodworm)

MDC photo



Midge FlyMidge Fly
LarvaeLarvae

HeadHead

ProlegsProlegs

Photo courtesy of NABS



Black Fly LarvaBlack Fly Larva

Fat ButtFat Butt

Filter FeedingFilter Feeding
MouthpartsMouthparts

MDC photo



Black Fly LarvaeBlack Fly Larvae

FanFan--likelike
structuresstructures

SuctionSuction
RingRing

Fat ButtFat Butt

Photo courtesy of NABS



LeechLeech

MDC photo



Pouch Snail

Shell opens to the left

MDC Photo



“Other” Snail

Flat, not conical



Sampling MethodsSampling Methods



AQUATIC FAUNAL AQUATIC FAUNAL 
REGIONSREGIONS

Big River RegionBig River Region
Lowland RegionLowland Region
Ozark RegionOzark Region
Prairie RegionPrairie Region



Ozark Faunal RegionOzark Faunal Region

�� Most streams in southern Most streams in southern 
MissouriMissouri

�� Steep gradient Steep gradient 
�� Fast moving, lots of rifflesFast moving, lots of riffles

�� RiffleRiffle--runrun--pool sequencepool sequence

�� Gravel and cobble Gravel and cobble 
substratesubstrate
�� Invertebrates adapted to Invertebrates adapted to 
interstitial spacesinterstitial spaces



Prairie Faunal RegionPrairie Faunal Region
(Glaciated and Osage Prairie Regions)(Glaciated and Osage Prairie Regions)

�� Most streams in north Most streams in north 
and west Missouriand west Missouri

�� Low gradientLow gradient
�� Slow moving, very few Slow moving, very few 
rifflesriffles

�� Naturally turbid Naturally turbid �� soil soil 
typetype

�� PoolPool--runrun--pool sequencepool sequence

�� Sand, silt, shelf Sand, silt, shelf 
bedrock & shale bottombedrock & shale bottom
�� Little interstitial spacesLittle interstitial spaces



Lowland Faunal RegionLowland Faunal Region

�� Found in the Found in the BootheelBootheel
region of Missouriregion of Missouri

�� Wetlands drained by Wetlands drained by 
series of series of ““ditchesditches””

�� SubstrateSubstrate
�� Faster moving water Faster moving water �� sand sand 
or gravelor gravel

�� Slower moving water Slower moving water �� siltsilt--
bottomedbottomed



EQUIPMENTEQUIPMENT

�� 33’’x3x3’’ netnet

�� 33--pronged garden tool (optional)pronged garden tool (optional)

�� Sorting pan and/or white ice cube traySorting pan and/or white ice cube tray

�� ForcepsForceps

�� Squirt bottleSquirt bottle

�� Hand lensHand lens

�� DD--frame net (optional)frame net (optional)



Replicate SamplingReplicate Sampling



SAMPLING STREAM SAMPLING STREAM 
HABITATSHABITATS

�� To determine water quality using To determine water quality using 
invertebrates:invertebrates:
�� Three net setsThree net sets
�� Three different microhabitatsThree different microhabitats

�� One or two net sets do not provide accurate One or two net sets do not provide accurate 
representation of water quality.representation of water quality.

�� What are habitat types in Missouri streams?What are habitat types in Missouri streams?

�� How do I find three habitats to sample?How do I find three habitats to sample?



STREAM HABITATSSTREAM HABITATS

Ozark StreamsOzark Streams

RifflesRiffles

Root MatsRoot Mats

Prairie & Lowland StreamsPrairie & Lowland Streams

Root MatsRoot Mats

Snags/Woody DebrisSnags/Woody Debris

NonNon--FlowFlow



Ozark StreamsOzark Streams

RifflesRiffles

Root MatsRoot Mats

Prairie & Lowland StreamsPrairie & Lowland Streams

Root MatsRoot Mats

Snags/Woody DebrisSnags/Woody Debris

NonNon--FlowFlow

STREAM HABITATSSTREAM HABITATS



Riffle DefinitionRiffle Definition

�� RiffleRiffle -- Area that is shallow and fast Area that is shallow and fast 

flowing due to a gradient drop.flowing due to a gradient drop.



RifflesRiffles



All within the same site!!



STABLE RIFFLESTABLE RIFFLE

�� Provides a variety of habitatsProvides a variety of habitats

�� Aerates the waterAerates the water

�� Brings food to many invertebratesBrings food to many invertebrates



SAMPLE COLLECTIONSAMPLE COLLECTION

�� Place the net in rifflePlace the net in riffle

�� Ensure the bottom of net is on the Ensure the bottom of net is on the 
stream bottomstream bottom

�� Rub all large stones (within the 3Rub all large stones (within the 3’’ x 3x 3’’
area upstream of the net)area upstream of the net)

�� Dance and kick (Be sure to disturb Dance and kick (Be sure to disturb 
the substrate 3the substrate 3”” to 6to 6”” deep)deep)



•• Place the net in rifflePlace the net in riffle
•• Ensure bottom of net is on the stream bottomEnsure bottom of net is on the stream bottom
•• Put large rocks on the bottom of the netPut large rocks on the bottom of the net



Rub all large stonesRub all large stones



Do theDo the ‘‘Benthic BoogieBenthic Boogie’’



Net RemovalNet Removal



Ozark StreamsOzark Streams

RifflesRiffles

Root MatsRoot Mats

Prairie & Lowland StreamsPrairie & Lowland Streams

Root MatsRoot Mats

Snags/Woody DebrisSnags/Woody Debris

NonNon--FlowFlow

STREAM HABITATSSTREAM HABITATS



SAMPLING NONSAMPLING NON--RIFFLE RIFFLE 
AREASAREAS

-- Root Mats Root Mats --

Root Mat - Matted roots of 

vegetation hanging into the water or 

growing out of stream bank.



Root MatRoot Mat



Root HairsRoot Hairs



Sample CollectionSample Collection



Net RemovalNet Removal



STREAM HABITATSSTREAM HABITATS

Ozark StreamsOzark Streams

RifflesRiffles

Root MatsRoot Mats

Prairie & Lowland StreamsPrairie & Lowland Streams

Root MatsRoot Mats

Snags/Woody DebrisSnags/Woody Debris

NonNon--FlowFlow



SAMPLING NONSAMPLING NON--RIFFLE RIFFLE 
AREASAREAS

-- A SNAG A SNAG --

SnagSnag -- Woody debris such as tree Woody debris such as tree 

limbs, logs, and sticks that have limbs, logs, and sticks that have 

fallen in water. fallen in water. 



SnagSnag





‘‘Rub and ScrubRub and Scrub’’



STREAM HABITATSSTREAM HABITATS

Ozark StreamsOzark Streams

RifflesRiffles

Root MatsRoot Mats

Prairie & Lowland StreamsPrairie & Lowland Streams

Root MatsRoot Mats

Snags/Woody DebrisSnags/Woody Debris

NonNon--FlowFlow



SAMPLING NONSAMPLING NON--RIFFLE RIFFLE 
AREASAREAS

-- NonNon--Flow Flow --

NonNon--FlowFlow -- Areas that are not in the Areas that are not in the 

main channel and do not have flow.main channel and do not have flow.





SAMPLE ANALYSISSAMPLE ANALYSIS

�� Remove invertebrates from the netRemove invertebrates from the net

�� Record the time spent removing the Record the time spent removing the 
invertebrates from the netinvertebrates from the net

�� Identify the invertebratesIdentify the invertebrates

�� Count the invertebrates and record Count the invertebrates and record 
resultsresults



Front:
Invert
Data
Sheet



Back:
Invert
Data
Sheet



Example 1:
Invert
Data
Sheet



Example 2:
Invert
Data
Sheet



FACTORS THAT AFFECT FACTORS THAT AFFECT 
RATINGRATING

�� SubstrateSubstrate

�� Depth and VelocityDepth and Velocity

�� SeasonSeason

�� Water TempWater Temp

�� FlowFlow

�� Water ChemistryWater Chemistry

�� Physical FactorsPhysical Factors

�� ID to OrderID to Order

Count all invertebrates in all categories!



Observation:Observation:
High density, high diversity, many High density, high diversity, many 
sensitive species such as stoneflies, sensitive species such as stoneflies, 
caddisfliescaddisflies, and mayflies., and mayflies.

Analysis:Analysis:
No problem, good water quality.No problem, good water quality.

ANALYZING ANALYZING 
INVERTEBRATE DATAINVERTEBRATE DATA



Observation:Observation:
  High diversity, low density of species High diversity, low density of species 
present.present.

Analysis:Analysis:
  Possibly due to poor habitat conditions.Possibly due to poor habitat conditions.

ANALYZING ANALYZING 
INVERTEBRATE DATAINVERTEBRATE DATA



Observation:Observation:
Low diversity, high density of species Low diversity, high density of species 
present.present.

Analysis:Analysis:
  Organic pollution (nutrient enrichment) or Organic pollution (nutrient enrichment) or 
sedimentation; excessive algal growth sedimentation; excessive algal growth 
resulting from nutrient enrichment.resulting from nutrient enrichment.

ANALYZING ANALYZING 
INVERTEBRATE DATAINVERTEBRATE DATA



Observation:Observation:
Low diversity, low density, or no bugs but Low diversity, low density, or no bugs but 
the stream appears clean.the stream appears clean.

Analysis:Analysis:
  Toxic pollution (e.g., chlorine, acids, heavy Toxic pollution (e.g., chlorine, acids, heavy 
metals, oil, herbicides, insecticides); metals, oil, herbicides, insecticides); 
unproductive.unproductive.

ANALYZING ANALYZING 
INVERTEBRATE DATAINVERTEBRATE DATA






